INTRODUCTION {#S0001}
============

Headache has been considered the most common complaint at altitudes with the incidence of 25% at less than 2956m and 47-62% at 4928m ^\[[@CIT0001]--[@CIT0005]\]^. High altitude headache (HAH) frequently occurs as an isolated symptom, but in many cases it may be a part of an acute mountain sickness (AMS).

The decrease in partial pressure of oxygen at altitudes reduces the brain supply of O~2~ and results in increased blood flow in the organ up to 26% ^\[[@CIT0006]\]^ which consequently swells the brain leading to the traction of the meninge and headache due to local traction-irritable mechanoreceptors ^\[[@CIT0007],\ [@CIT0008]\]^. Furthermore, hypoxemia is one of the main causes of releasing inflammatory mediators, causing vasodilatation ^\[[@CIT0009]--[@CIT0011]\]^.

Acute mountain sickness is an issue described 2000 years ago; first by Tseen Hanshoo through the phrase "Great and Little Headache Mountains" on the trip along the Silk Road ^\[[@CIT0012],\ [@CIT0013]\]^, and later in 403 AD by a monk who addressed the headache as a form of high-altitude sickness ^\[[@CIT0012],\ [@CIT0014]\]^. Up to now, several studies have been conducted focusing on physiological aspects and mechanisms of headache as the major symptom of AMS. Nowadays, AMS is defined as altitude-induced headache in addition to at least one typical symptom such as anorexia, nausea, vomiting, insomnia, dizziness and fatigue ^\[[@CIT0001],\ [@CIT0012],\ [@CIT0015]--[@CIT0017]\]^. Altitude above 5500m leads to severe hypoxemia, hypocapnia and alkalosis in addition to progressive impairment of physiological function of individuals.

There is also a classification for the sickness by which three types of altitude are categorized according to the specific symptoms. They include high (1500-3500m), very high (3500-5500m) and extreme altitude (\>5500m) ^\[[@CIT0012]\]^.

Headache starts as early as 8-24 hours after arrival at 2000m but often is most felt after 48-72 hours ^\[[@CIT0015]\]^.

It should be mentioned that AMS is not the only cause of headache at altitudes. Sinus headache, migraine, Tension-type headache, sunglare and frontal tension headache are the best examples of non-AMS-induced headaches. Through studies on Mount Damavand trekkers, a 5671m mountain near Tehran, AMS had 40-60% incidence ^\[[@CIT0001],\ [@CIT0018],\ [@CIT0019]\]^.

This research has been designed to study the whole range of AMS and non-AMS headaches on Mount Damavand.

METHODS AND SUBJECTS {#S0002}
====================

Through a cross-sectional study, we assessed headache incidence and its correlation to AMS, among people who climbed Mount Damavand. Considering the rate of 38% of AMS at 4500m and over, 362 Participants were included in the study ^\[[@CIT0020]\]^.

Lake Louise Score (LLS), a self-report questionnaire ^\[[@CIT0021]\]^, was applied to diagnose AMS through three separate stages of ascent. The first stage was at 2900m at which the questionnaire was filled by the reviewer after explaining the process in addition to getting verbal informed consents from the trekkers. In this altitude the trekkers' stay time wasn\'t considerable. AMS was defined as a total score of 3 or more of LLS including headache in addition to at least one of the mentioned symptoms above. HAH was defined as a headache which did not meet the score 3 of LLS ^\[[@CIT0016]\]^.

Age less than 13 years, signs or symptoms of acute infection, history of sleeping above 3300m and current chronic diseases such as heart and/or renal failure etc were exclusion criteria during the study. Physicians examined the people physically to look for any illnesses or disabilities which were in the exclusion criteria.

The second filling of the LLS was at 4200m. They stayed in this altitude for minimally 6 hours. Then we assessed any new symptoms or signs after climbing down and reaching the same altitude as a third stage of study. Mental and balance examinations were done through the latter phase in addition to other items. Participants were supposed to reach at least 4200m to take part in this stage.

In the case of headache, although no intervention was programmed, people were treated by descending to lower altitude or other suitable measures.

To analyze the data, we used SPSS (version 15), Chi-square test, t-test as the main means of analysis.

RESULTS {#S0003}
=======

In total, 459 persons between 13-71 years old participated in the study, among whom 333 reached the summit, while 126 (27.5%) failed to complete the mountain top despite passing the 4200m limit. There were 148 (32.1%) females and 311 (67.8%) males enrolled in this survey. Most subjects had a range of 20-40 years of age (70.1%). Headache was found in 398 trekkers (86.7%) among whom 279 (70%) or 61% of all, were proved as AMS.

Confounding factors such as age, sex, cigarette smoking, oral contraceptive (OCP) usage and other traditional preventive therapies were analyzed to find if they have any correlation with headache. No statistical relationship was observed in this regard.

Investigating the types of headache in the cases of AMS showed 64.5% to be of steady, 31% throbbing, and 4.5% stabbing characters which had significant differences (P = 0.007).

The majority of headaches proved to be frontal (116 cases, 38.9%) and the least prevalence belonged to parietal area (13 cases, 4.4%), while global headache was also reported (81 cases, 27.2%) as figure 1 illustrates. Other locations of headache were parietal (31 cases, 10.4%) and temporal (57 cases, 19.1%). Occipital headaches, followed by frontal, were both the most associated with symptoms of AMS comparing to other areas (*P*=0.003) as observed in [Table 1](#T0001){ref-type="table"}.

###### 

Association between pain location and AMS-related headache (P \< 0.003)

  Location          Total number   As AMS      As non-AMS
  ----------------- -------------- ----------- ------------
  **Occipital**     31             31(100%)    0(0.00%)
  **Frontal**       116            105(90.5)   11(9.5%)
  **Generalized**   81             71(87.7%)   10(12.3%)
  **Parietal**      13             11(84.6)    2(15.4%)
  **Temporal**      57             47(82.5%)   10(17.5%)

AMS: acute mountain sickness

One hundred out of 398 cases of headache could not localize the pain and missed the evaluation. Lightheadedness and vertigo were reported by 173 subjects, among which, 128 (74%) had AMS, while the rate of AMS was 52.8% among cases without these 2 symptoms.

Out of the 214 who climbed the distance between 4200m and 5671m (the summit) in less than 6 hours, 126 (58.1%) got AMS. This was 102 (67.1%) among the 152 who climbed the distance in more than 6 hours. These rates were not significantly different.

DISCUSSION {#S0004}
==========

Despite the vast number of trials and performances, there is no exact reason for headache at altitude ^\[[@CIT0022]\]^. Lowering the threshold of headache through physical exercises is not a reliable reason per se ^\[[@CIT0022]\]^; but, may explain earlier headache occurrence. Low partial O~2~ pressure (PIO~2~), lessens O~2~ arterial pressure (PaO~2~) and CO~2~ (PaCO~2~) through increased ventilation, while arterial oxygen saturation (SaO~2~) stays above 90% at high altitude ^\[[@CIT0007]\]^.

In many circumstances, a cluster headache is induced by altitude which can strengthen the theory of the effect of hypoxemia and hyperventilation on the symptom as the main cause ^\[[@CIT0023],\ [@CIT0024]\]^. This is probably caused by increased blood flow in the brain in response to hypoxia and decrease in O~2~ at tissue level.

Brain edema is diagnosed clinically by ataxia, loss of consciousness or both in case of AMS or high altitude pulmonary edema (HAPE) ^\[[@CIT0025]\]^. HAPE could progress to high altitude cerebral edema (HACE) very fast due to hypoxemia identified by papilledema; retinal bleeding and/or occasional cerebral palsy led by RICP (raised intracranial pressure). Drowsiness followed by stridor is the hallmark of HACE-induced encephalopathy ^\[[@CIT0025]\]^. In this study, we did not face any of the above clinical findings.

Hypoxemia seems to start a process of neurohormonal and hemodynamic response, consequently increases micro vascular perfusion and finally results in high hydrostatic pressure in the capillary bed and edema both in lungs and brain. Some authorities propose that the ratio of cerebro-spinal fluid (CSF) to brain volume is closely set with AMS incidence because of CSF shift. The more the ratio, the less the AMS incidence ^\[[@CIT0025]\]^.

Biochemical factors (eg, blood brain barrier) changes mediated by vascular endothelial growth factor (GF), bradykinine, and NOS are also considered in the mechanism of AMS ^\[[@CIT0025]\]^.

The 70% AMS rate shows that just less than one-third of the headaches occurring at altitude are not related to the sickness and have other causes. Some causes were mentioned before but one common mechanism may be, contractions in frontal muscles induced by direct sunlight at altitude which irritates the eyes or indirectly through reflection from the snow. This would be studied thoroughly in more trials to compare those who wear glasses and those who don\'t.

The incidence of headache in our study was 86.7% and AMS occurred in 70%. These incidence rates are more than those reported by the others. Jackson et al reported 50% AMS rate during studying 136 trekkers to 4730m ^\[[@CIT0016]\]^. Kayser et al observed an 84% AMS incidence through their cohort study on Mount Kilimanjaro in 2008 which exceeds our findings ^\[[@CIT0026]\]^, and Karinen identified an incidence of 75% on Mount Kilimanjaro ^\[[@CIT0027]\]^. In another study at 3545m on Damavand Mount, prevalence of headache at altitude was 14.3% while 10.4% of trekkers had AMS ^\[[@CIT0028]\]^.

The most frequent headache in AMS, as seen in some definitions, is the throbbing one ^\[[@CIT0012]\]^. In contrast, we found that only 31% reported a throbbing headache, while 64.5% experienced a steady one. So, it seems that a throbbing headache is too little related to AMS to include the definition.

Headache is likely to be bi-temporal, frontal or global, more intense during the night and awakening, in common typical forms ^\[[@CIT0012],\ [@CIT0017]\]^. Among AMS cases, 51.5% suffered from occipital and/or frontal headache. The rate of 82.5% of temporal pain among AMS cases could strengthen the importance of bi temporal property claimed by some authorities in AMS definition ^\[[@CIT0014]\]^. Furthermore, 100% of the people with occipital headache had the AMS criteria, completely. This shows probable role of increased ICP and brain edema in AMS.

In this study, rapid climbing did not affect headache incidence as great as Jackson et al realized ^\[[@CIT0016]\]^. Our most frequent symptoms along with headache were lightheadedness and vertigo; but sleep disturbance was reported as the most common one (82%) by Jackson et al ^\[[@CIT0016]\]^, and fatigue and sleep disturbance in 64.7% and 61.8% trekkers by Halabchi et al ^\[[@CIT0028]\]^.

CONCLUSION {#S0005}
==========

This mild sickness occurs commonly because lots of people often climb rapidly to 2500-3500m. This study compares the location and type of headaches at altitudes in AMS and non-AMS headaches. The most common involved part of head in altitude was frontal although occipital headache was the most specific for AMS in our study. Almost all the reviews consider high altitude-related low barometric pressure to be responsible for AMS and high-altitude headaches.
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